Introduction
Current chemical sensors are based on several technologies; a metal-oxide-semiconductor [1] , a cantilever array [2] , a quartz crystal microbalance [3, 4] , a nanostructured material [5] , and a living cell's or biological response [6] [7] [8] [9] . There is no doubt that all chemical sensors quest for a high sensitivity and a high selectivity for their detection. Particularly, in terms of selectivity, there must be nothing better than organisms' responses (e.g. immune system, olfactory and gustatory senses) that have been obtained in evolutionary history over many generations. Creatures' specific responses for chemicals are due partially to unique structures of several receptors such as membrane proteins.
Nowadays, we can produce and use some chemical receptors through a genetic engineering. In particular, using recombinant cells as sensing element of a chemical sensor gains much attention. Xenopus laevis oocyte (X. laevis oocyte), among others, has high versatility as a host cell for such a system since expression systems of many membrane proteins have been constructed with X. laevis oocytes.
X. laevis oocyte is often used as test cell in drug screening [10, 11] . Here, we describe a microfluidic device for measuring the electrophysiological activity of an oocyte that expresses artificially pheromone receptors of silkmoth. The receptors are called BmOR1 and BmOR3 which are involved in regulation of ion flows by recognizing selectively pheromones bombykol and bombykal, respectively. In our proposed system, the fluidic channels have a cell-trap region and two electrodes for measurement of a cell's response to a pheromone by two electrode voltage clamp method as shown in Figure 1 . In this report, we show the device that can distinguish two similar chemicals, bombykol and bombykal, due to the receptors' high specificity.
Experimental
As shown the illustration in Figure 2 , two Ag/AgCl electrodes are inserted into the two capillaries for measurements of oocyte's responses. The distance of two capillaries tips is less than about 1 mm since diameter of X. laevis oocyte is generally 1-1.5mm. The capillaries are filled with 3 M KCl solution preliminarily. Furthermore, the center channel is filled with 5 mM HEPES/NaOH buffer solution pH 7.5 containing 96 mM NaCl, 2mM KCl, 1.8 mM CaCl2, and 1.6 mM MgCl2. The buffer solution is perfused constantly using a peristaltic pump.
Pictures in Figure 2 show the device and X. laevis oocyte. The buffer solution flows in center channel from near side (inlet) to far side (outlet) with 10-20 ml/min flow rate as seen in Figure 2 We used pheromone receptors of silkmoth for (E,Z)-10,12-hexadecadien-1-ol (bombykol) and (E,Z)-10,12-hexadecadien-1-al (bombykal). The receptors are called BmOR1 and BmOR3, respectively. Figure 3 (a) as a negative control shows an evidence of our system is activated by the oocyte. No peak appears in any case of applying buffer solution, bombykol and bombykal in Figure 3(a) . Figure 3 (b) and 3(c) are results of selective responses of the oocyte for bombykol and bombykal, respectively. Although intensities of responses depend on oocyte's condition, we find that our suggested device can detect odorant-like chemicals obviously. These results are in good agreement with results taken by conventional measuring system. This system does not require microscopes and micromanipulators to insert electrodes into target cells since the device can trap the cell with inserting electrodes spontaneously. Furthermore, these two different responses are recorded at the same time with independent device as shown in an inset picture of Figure 3 . It is possible to record four different oocyte responses in this system due to a multichannel amplifier we use.
Results and discussion
In our system, there is no need any shield boxes and any vibration isolated tables in contrast with conventional electrophysiological recording systems. In addition, the amplifier is very compact. So, this system needs only three elements: computer, amplifier and microfluidic device with oocytes. 
Conclusion
We demonstrated a device that can distinguish two similar odorant-like chemicals, bombykol and bombykal, due to receptors' specificity and sensitivity.
This microfluidic device thus is useful as a chemical odorant sensor, easy to use, portable, and is easily multiplexed showing the potential of this odorant detection system as a next generation chemical detection sensor.
